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(54) Smart dasd spin-up 



(57) A system start-up routine (Figs. 2a-2e) is Im- 
plemented to determine system device power require- 
ments and system power capabilities, determine a max- 



imal number of devices which can be started at one time, 
and start the maximal number of devices. The devices 
are. for example, direct access storage devices, i.e.. 
disk drives (103A. 1038). 
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Description 

[0001] The inventbn relates to the field of computer 
system power management, and In particular, to man- 
aging the powering-up or "spin-up" of direct access stor- 
age devices (DASD's, I.e., disk drives) In a computer 

system. 

[0002] Computer system start-up time, also referred 
to as initial program load (IPL) time, is detemnined in part 
by the time it takes to start direct access storage devices 
(DASD's). i.e.. disk drives. DASD's have a significant so- 
called "spin-up" time to start and get their motors up to 
a nominal speed (disk operating rpm). During this spin- 
up time, the DASD's are drawing significantly more pow- 
er than during their steady-state, i.e., when their motors 
are already running and the disks are spinning at their 
nominal operating rpm. This power required to start and 
spin-up a DASD to nominal operating rpm, the DASD 
power for spin-up, will be referred to herein as "dpsu", 
and the DASD power while running will be referred to 
as "dpr". The spin-up time will be referred to as "sut" 
herein. 

[0003] The dpsu. the power required to start the 
DASD motors arKi get the disks up to a nominal rpm. 
can be approximated well by a square pulse of power 
for time sut. Once the motors are turning (steady-state 
operation) they require less power, i.e., dpr, and this dif- 
ference is due in part to inertial and electrical effects, as 
one skilled in the art would readily appreciate. An exem- 
plary DASD sut is about 9 seconds, and an exemplary 
dpsu is about 42 watts. An exemplary runnong power, 
dpr. is about 19 watts. 

[0004] The DASD's also use a relatively small amount 
of power when their electronic circuits are powered-up, 
but their motors are not running, i.e.. the DASD power 
when Idle, referred to herein as "dpi". An exemplary dpi 
is about 1 watt. 

[0005] To recap, when power Is first applied, a DASD 
consumes dpi watts until the motor Is turned on. then for 
a period of time, it consumes dpsu watts during spin-up. 
After that, the DASD consumes dpr watts until the motor 
is turned off. 

[0006] Because of the power required to spin-up the 
DASD's, typically, DASD spin-ups have to be staggered 
so as not to cause a problem by exceeding the power 
supply capabilities of the computer system. An exem- 
plary computer system power supply provides about 
650 waits. (Although a typical mid-range to high-end 
computer system also has at least one redundant/back- 
up power supply as well as the primary power supply, 
this backup power is only used upon failure of the pri- 
mary power supply.) The DASD's are started sequen- 
tially under the control of their input/output controllers 
(IOC's), and only enough power is provided to start a 
few DASD's at once beyond the nr^ximum toad. How- 
ever, this solution requires considerable time to start the 
DASD's. 

[0007] An alternate solution to the power problem is 



to provide enough power supply capability in the com- 
puter system to start all of the DASD's at once. However, 
this adds to the overall cost of the system, especially 
where the system has redundant/backup power sup- 

s plies which also must be sized larger. Taking the exem- 
plary values above, with 48 DASD's. a primary power 
capability of over 2,000 watts might be required just to 
start all the DASD's at once, not to mention also running 
system electronics. Of course, besides costs Involved 

10 with manufacturing larger power supplies, there are the 
related costs of extra cooling and space requirements, 
as well as greater overall energy use of a computer sys- 
tem so equipped. 

[0008] Another factor is that the DASD spin-up until 

IB now has been under control of the DASD input/output 
controllers (IOC's). The staggered startup routine cur- 
rently in use by the IOC's has at least two limitations. 
First, it uses a linear method of starting the drives; where 
several time Intervals are used to start the drives, and 

20 a set number of drives are started In each interval. This 
method is limited by the number of drives that can be 
started in the last time interval. To simplify the IOC con- 
trolled spin-up routine, a fixed number of DASD's are 
started every x seconds. Of course the fewer started 

2S every x seconds, the longer it takes to get them all going. 
As more and more drives are started, their steady-state 
power usage takes more and more of the power avail- 
able from the power supply. This means that less power 
is available to start another drive. When down to the last 

30 few drives remaining to be started, there has to be 
enough power available to start the remaining drives. 
Since it takes more power to start a drive than to main- 
tain it, unless there is substantial excess power, then 
there may only be enough power left at the end to start 

3S one drive at a time. (This would be the case if there had 
been as many drives installed in the system as the pow- 
er supply could support.) 

[0009] A second limitation is that the DASD control- 
lers (IOC's) have limited information on how much pow- 

40 er is required to spin-up and run a DASD, and how much 
power is actually available in the computer system. The 
controller may have some rudimentary information 
about the type of drive it is controlling, but It probably 
does not know the specific power requirements of each 

45 particular type of DASD connected to it. The IOC. there- 
fore, would be programmed to assume the parameters 
for the worst case DASD's that could be attached. This 
information would be stored on-board the controller. 
[0010] Likewise, the controllers may have some lim- 

so ited information about the possible power supply capa- 
bilities, which however, may vary substantially from sys- 
tem to system. 

[001 1 ] Consequently, the IOC's must be programm ed 
to implement a worst case algorithm for DASD start up, 
55 based on the highest power DASD's and the lowest ca- 
pacity power supplies, in order to guarantee they do not 
exceed power supply capacity and cause a power fault. 
Clearty. this will sometimes result in large inefficiencies. 
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since the worst case assumption does not take into ac- 
count tlie actual power capabilities and requirements of 
a particular computer system. 

[0012] In addition, where DASD spin-up is controlled 
by the IOC's, the DASD spin-up cannot even begin until s 
the IOC has completed its own reset and initialization at 
IPL. As should be readily apparent, the time involved in 
a system with a large number of DASD's and IOC's can 
add up quickly, resulting In significant time lost during 
fPL 10 
[0013] For example, assume the controller performs 
the spin-up, and assume spin-up cannot start until the 
controller is reset and It performs its initialization. The 
controller initialization process might require 10 sec- 
onds and then, if 3 drives were started every 9 seconds, is 
for example, then 48 drives would require 16 x 9 = 144 
seconds. However, the initialization does not start until 
the reset Is removed, which also requires a finite amount 
of time. Just getting the DASD's spun-up. therefore, may 
take in excess of 2,5 to 3.0 minutes in a typical system, so 
Since system processor performance Is measured in 
mega-flops and even terra-flops per second (a flop" is 
a floating point operation), considerable processing time 
may be lost. 

[0014] As mentioned above, the IOC's implement a 2S 
worst case routine, assuming the lowest capabilities for 
the power supplies and the highest power requirements 
for the DASD's. As a result, the prior process of starting 
the DASD's clearly will generally not result in maximum 
efficiency because the actual system may have, and 30 
probably will have, hardware quite different from the 
worst case situation. 

[001 5] Therefore, in view of the above, a need has ex- 
isted for a better way to handle DASD spin-up to over- 
come the disadvantages In the prior process. 3S 
[0016] There is also known a system power control 
network (SPCN) which is disclosed in U. S. Patent No. 
5,117,430, for example. The SPCN was designed as a 
low volume serial network used to monitor power con- 
ditions at a plurality of Interconnected nodes In a com- 40 
puter system, in particular, the IBM AS/400 (IBM and 
AS/400 are registered trademarks of International Busi- 
ness Machines Corporation). 

[0017] The SPCN may include one or more micro- 
processors which monitor the status of, and make oc- 46 
casionat adjustments to. the power conditions at the re- 
spective computer system nodes. At system start-up 
(IPL), the SPCN microprocessors are able to qufckly 
gather computer system configuration information 
ahead of and independently of the computer system so 
main communication paths. 

[0018] It is. therefore, a principle object of this Inven- 
tion to provide a method and apparatus for performing 
a smart DASD spin-up. 

[0019] It is another object of the invention to provide ss 
a method and apparatus that solves the above men- 
tioned problems resulting in DASD spin-up being ac- 
complished more quickly and efficiently, and towering 



overall system cost. 

[0020] According to an aspect of the invention, a sys- 
tem power control network is used to control DASD spin- 
up. 

[0021] According to an aspect of the invention, the 
system power control network determines at initializa- 
tion (IPL). both the number of DASD's present In the sys- 
tem and their power requirements, as well as the power 
supply capabilities of the system. 
[0022] According to another aspect of the invention, 
the time to complete the system initialization (IPL) is re- 
duced by starting a maximum number of DASD's pos- 
sible at once using the actual power capabilities availa- 
ble. 

[0023] According to another aspect of the invention, 
the starting of the DASD's is done in stages. In the first 
stage, since no DASD's are yet started, all of the avail- 
able power can be used to start a first group of DASD's. 
That is, in the beginning of the startup sequence when 
few of the DASD's are started, the power allocated in 
the system design for operation of the non^tarted 
DASD's is used to start other DASD'S; and therefore, a 
maximal number of DASD's are started at once. In later 
stages, since more DASD's are running and drawing 
power, fewer DASD's can be started at one time. The 
power used by the running DASD's Is subtracted from 
the pool of available power for starting further DASD's 
in subsequent iterations. 

[0024] Advantageously, the startup according to the 
present invention also takes advantage of the power 
available in redundant power components (supplies) for 
starting DASD's. Further, if a redundant power compo- 
nent Is not available or defective, the startup Is dynam- 
ically altered to start only as many DASD's at once as 
the power system can support so that the system con- 
tinues to successfully power-on in spite of defective re- 
dundant components. In addition, the system wilt be 
able to power-on successfully even with defective non- 
redundant, Le., primary, components if the power avail- 
able from operational power supplies, redundant and 
non-redundant is sufficient to start the number of 
DASD's installed. 

[0025] According to another aspect of the invention, 
the DASD spin-up power is approximated by a square 
pulse of power for a spin-up time, 'sut," and the DASD 
spin-up power available, *dspa" Is computed and divid- 
ed by the power to spin-up one DASD, "dpsu,' to deter- 
mine the maximum number of DASD's which may be 
started at once. This can be implemented simply by an 
iterative loop that starts with the power available (dspa) 
and repetitively subtracts the power needed to spin-up 
one DASD (dpsu) until no more power Is available. 
Steady-state operation requires a smaller power (dpr). 
For each DASD started, the bulk power available for 
steady-state operation (bpa) is computed by subtracting 
the steady-state operating power (dpr) for each DASD 
started from the bulk power available, also considering 
the power of each idle not-started DASD (dpi). This val- 
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ue becomes the power available to start the next group 
of DASD's after "sut" expires for the first group. This 
process can be repeated until all DASD's are started. 
[0026] According to another aspect of the invention, 
the power available in functioning redundant/back-up 
power supplies in the systenn is made available for the 
DASD spin-up. The system power control network in- 
cludes redundant/back-up power supplies In determin- 
ing the total available power. The system power control 
network checks that primary power supplies are func- 
tional as well, in determining the power available for 
DASD spin-up. 

[0027] Embodiments of the invention will now be de- 
scribed with reference to the accompanying drawings, 
in w^ich: 

[0028] Fig. 1 illustrates a block diagram o1 a system 
power control network coupled to control DASD spin-up 
according to an exemplary embodiment of the present 
invention. 

[0029] Figs. 2a to 2d illustrate a flow chart of a process 
according to an exemplary embodiment of the Invention, 
while Fig. 2e illustrates a table of parameters used In 
the exemplary process. 

[0030] Fig. 1 Illustrates a block diagram of a system 
power control network microprocessor (SPCN) 101 cou- 
pled to control DASD spin -up according to an exemplary 
embodiment of the invention using spin-up program 
100. The spin-up program 100 may be embodied as a 
"computer program product.' described in more detail 
below. The SPCN microprocessor 101 is coupled to 
power supplies 102A. 102B . DASD's 103A, 103B , and 
IOC's 104A. 104B. As will be described In detail below, 
the SPCN controls DASD spin-up at system IPL. To ac- 
complish this, the SPCN microprocessor 101 has knowl- 
edge about the number of power supplies 102A, 102B, , 
their capabilities and their status. In particular, the SPCN 
microprocessor 101 knows what the power capacity is 
of each power supply In the system, whether the power 
supply Is operational, and what the power requirements 
of the DASD's 103A. 103B . the IOC's 104A, 104B, and 
the other system components (not shown) are. The 
SPCN microprocessor 101 can. therefore, determine 
the power available from the power supplies 102A, 
102B, , for initiating DASD spin-up at IPL. Some of the 
power supplies would be primary power supplies and 
some would be redundant/backup power supplies in a 
typical computer system. SPCN microprocessor 101 
can advantageously use the redundant/backup power 
supplies to provide additional power to implement 
DASD spin-up. Further, as wilt be described later in 
more detail, the SPCN microprocessor 101 can initiate 
DASD spin-up while the IOC's 1 04A. 1 04B. . are still be- 
ing reset, so that the DASD's spin-up can begin earlier, 
and so that the lOCs and the DASD's can go on-line 
almost simultaneously. It should be understood that Fig. 
1 is merely a schematic representation of one exempla- 
ry embodiment of a system configured according to the 
present inventk>n. and that a number of variatk>ns are 



possible within the spirit of the invention. The lines cou- 
pling the power supplies, DASD's and IOC's are not 
shown to simplify illustration In Fig. 1 . 
[0031] Figs. 2a to 2d illustrate a flow chart of a process 

s implemented according to an exemplary embodiment of 
the invention. Fig. 2e illustrates a table of parameters 
used In the exemplary process. 
[0032] Refen-ing to Fig. 2a, and blocks 1 to 17, a pow- 
er-up and a power-down routine are illustrated. In block 

10 1, a power-up sequence for the system Is started. In 
block 2, the power supplies are turned on. These power 
supplies provide the power to run the DASD's. They do 
not necessarily power all the electronics within the sys- 
tem. In block 3, the cooling fans are tumed on. In block 

IS 4, a power sequence delay Is inserted to wait for the 
power supplies to come on. In block 5, because this is 
a new attempt to power-up, old faults are cleared and 
the fault monitor is enabled. In block 6, the initialization 
.routine is called to determine DASD start up parame- 

20 ters. In block 7. the system regulators are tumed on. 
These are not necessary to an understanding of the in- 
vention and are merely shown for illustrative purposes 
only. These regulators convert the voltage from the pow- 
er supplies to the various levels required by other sys- 

2S tem components. In block 8. another power sequence 
delay is invoked to wait for the regulators to power on. 
In block 9, the resets are removed from the electronics, 
i.e., the processors, memory and device controllers to 
allow them to initialize and start operation. In block 10, 

30 the power-up sequence is completed. Once the power- 
up sequence is complete, the system is operational until 
some event causes a power-down sequence to be ex- 
ecuted. 

[0033] A power-down sequence is Initiated if a power- 

3S off switch is pressed, or if a power fault causing loss of 
system power occurs, for example. Block 11 is the start 
of a power-down sequence. In block 12, since power 
supplies are to be turned off. the fault monitors have to 
be disabled, in bk:>ck 1 3. power supplies, regulators, and 

40 cooling are tumed off. In bk>ck 14, the "no redundant 
power" flag is tested. This flag is set if a power fault oc- 
curs during a power-up cycle. This power fault may be 
due to starting too many DASD's at once, for example. 
In block 15, if the "no redundant power" flag was set. 

4s then the "critical fault down" flag Is cleared. This will al- 
tow another power-up attempt to be executed automat- 
fcally following the completion of this power-down cycle. 
In block 1 6, the power off cycle is completed and on this 
path, the power-up routine in block 1 will be started im- 

so mediately. In block 17, if the "no redundant power" flag 
is not active, then the power off cycle is complete. The 
system remains off until the user initiates a power on 
operation. 

[0034] With reference to Fig. 2b. and bkxks 20 to 34. 
ss a first portion of the DASD spin-up procedure according 
to an exemplary embodiment of the invention, is Illus- 
trated. Reference should also be made to Fig. 2e. which 
illustrates a table of the parameters used in the exem- 
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plary method stored in SPCN memory 201 . tor example. 
In block 20. the initialization of the DASD spin-up begins. 
In block 21 , the number of bulk power supplies present, 
turned on, and not faulted is counted, and "nbp" is set 
to this value. If a power supply has already failed in the s 
power-up sequence delay, then it is not counted be- 
cause it cannot contribute to the power to start the 
DASD's. 

[0035] In block 22. the power available to start the 
DASD's (bpa) is calculated as the number of bulk power 
supplies present, on and not faulted (nbp) times the 
power output of each power supply (bp), adjusted as 
now described. If the "no redundant power" flag (nrp) is 
set. then one is subtracted from the number of power 
supplies that can contribute; If not, then nrp is zero. The 
nrp IS a retry Indicator taking a value of one or zero. This 
value must be subtracted initially because the power 
supply may not fault until the load of starting the DASD's 
Is placed on the power supplies. Also, the power that is 
required to run the other components In the system must 
be subtracted from the total available to determine the 
amount remaining for just the DASD's. That is, the logic 
power (Ip) is also subtracted from the total power avail- 
able. 

[0036] In block 23, the power available (bpa) is com- 
pared to the amount of power required to run the DASD's 
In the steady-state (nbp x c^sr) plus the power differential 
to start (spin-up) the last DASD. that is, the difference 
between the spin- up power (dpu) and the steady-state 
running power (dpr). This calculation does two things. 
First, it confirms that enough power exists to operate the 
DASD's in the steady-state, notwithstanding the power 
required In starting them. Second, it confirms that suffi- 
cient power is available for the steady-state plus enough 
power to start the last DASD. This differential (dpsu-dpr) 
is required because, as already noted, it takesthat much 
more power to start a DASD (dpsu) than to run it in the 
steady-state (dpr). 

[003^ Flow branches to bkxk 24 if there is enough 
power to try. as determined in block 23. In block 24. the 
bulk power available for spin-up (bpa) is set to be the 
bulk power available (bpa) minus the power being used 
by the DASD's at idle (ndpxdpi), i.e., before their motors 
are started. The "ndp** is the number of DASD's present 
in the system. 

[0038] In block25, a tlmerthat Is used to measure the 
cycle time for spin-up (t) is initialized to Its limit value sut 
(spin-up time) to cause the spin-up routine to be execut- 
ed immediately (Fig. 2c, block 41, described later). 
Since at this point, no DASD's have been started yet, 
the spin-up routine is started immediately. 
[0039] At block 26, the "all done" flag is cleared In 
preparation for the epin-up routine. In block 27, the spin- 
up monitor is enabled to start DASD's (Fig. 2c). In block 
28, the spin-up Initialization is completed, and flow re- 
turns to the power up routine from which it was called. 
[0040] However, when in block 23, it is determined 
that sufficient power is not available to run the DASD's 



in the steady-state, flow goes to block 29 where the "no 
redundant power' flag Is tested to see if a power-up retry 
attempt is underway. If not (NO), then flow goes to block 
30. where the nbp parameter, set in block 21 to the 
number of power supplies present, turned on and not 
faulted, is compared with the number of power supplies 
present This determines If a power supply has already 
faulted. This test allows differentiation between two cas- 
es, and these will be explained later. 
[0041] If, in block 29, a power-up retry is underway 
and has failed (YES), then the power supply fault saved 
earlier (src) Is the cause of the failure, and flow branches 
tobkjck 31. 

[0042] Retuming to the decision of block 30. if the fail- 
ure is caused by too many DASD's installed for the 
amount of power supplies, flow goes to block 32. If the 
failure is caused by a failed power supply, then flow goes 
to block 33. 

[0043] After blocks 31, 32, or 33, the routine com- 
pletes at block 34 with a failure: "power-down with fault." 
[0044] Turning now to Fig. 2c. blocks 40 to 55, when 
the spin-up monitor is enabled (from block 27), it begins 
here. In block 41 , the timer (t) is compared to the spin- 
up cycle time (sut). When the comparison result is true 
(equal), the next set of DASD's can be processed (spun- 
up). If the compsu'ison is not true, then flow goes to block 
42 then block 43, Le., If the cycle time has not been 
reached, then the timer Is incremented and this call of 
the spin-up monitor is complete. 
[0045] When the comparison result is true (equal) in 
block 41 , and therefore, the next set of DASD's can be 
processed (spun-up), flow proceeds to block 44. where 
the All Done Flag Is tested. If the All Done flag Is set, 
then flow goes to block 45, spin-up Is complete, and the 
spin-up monitor Is disabled, then the flow exits at block 
46. 

[0046] However, if the All Done flag is not set, flow 
goes to block 47. where the timer is reset to count out 
the next Inten^al. In block 48, a loop (the loop of blocks 
49 to 54) Is initialized to cycle through ail possible DASD 
addresses, in this example. 48 addresses. The All Done 
flag is set in anticipation of completing all DASD's. The 
power to start DASD's (dpsa) is set to the current value 
of bulk power available (bpa). The loop control (n) is in- 
itialized to start with the first DASD. 
[0047] At block 49, DASD position n Is examined and 
If a DASD Is present and off (YES), then the power cal- 
culations are tested in block 50. However, if the DASD 
is not presenter is already turned on, then the loop limit 
(n=46 in this example) is tested to see if alt DASD's have 
been processed in block 53. The All Done flag is also 
tested here, as will be explained later. 
[0048] In block 50. dspa (DASD spin-up power avail- 
able) is compared to the additional power required to 
start one DASD, i.e., the spin-up power (dpsu) minus 
the idle power (dpi). If dspa is sufficient to spin-up one 
more DASD, then this DASD is turned on in block 52. If 
sufficient power for this DASD does not exist, then flow 
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goes to block 51 , where the All Done flag is cleared, 
which is detected in block 53, causing bop exit at block 
55. Another pass will be required after the current set of 
DASD's have been started (spun-up). and more power 
is then available. 

[0049] After all DASD positions, e.g.. 1 to 48. have 
been cycled through, the routine exits at block 55 until 
the tinner again nnatches at block 41, i.e., in another sut 
seconds. In this example, sut is 9 seconds. 
[0050] In block 52, the difference between the DASD 
spin-up power and the DASD idle power, Le.. dpsu-dpi. 
is subtracted fronn the DASD spin-up power available 
(dspa). This new value of dspa becomes the power 
available to start the next DASD. Then the DASD Is 
started and the steady-state power remaining is calcu- 
lated. Once the DASD is started, it will require an addi- 
tional power equal to its steady-state power (dpr) minus 
the Idle power (dpi). This value is subtracted from bpa 
(bulk power available) and this value becomes the pow- 
er available to start the DASD's which are not started in 
.this the present invocation of the spin-up monitor. 
[0051] It is noted that the idle power dpi is subtracted 
from the DASD power for spin-up (dpsu) and the DASD 
power running (dpr) in these calculations because dpr 
and dpsu represent the total power a DASD uses when 
running or spinning-up, respectively, i.e., the klle power 
is inherent in these values. What is of interest Is the ad- 
ditional power required for spin-up. Looked at another 
way, in block 24 the total idle power (ndp x dpi) was sub- 
tracted from the bulk power available bpa, and the 
DASD spin-up power available dspa was set to bpa in 
block 48. Therefore, the DASD's idle power has already 
been subtracted out of the total power available for spin- 
up and should not be subtracted out again. 
[0052] At block 54. if not done as determined in block 
53. the next DASD is selected and flow returns to block 
49. 

[0053] Tuming next to Fig. 2d. bkxjks 60 to 70. a pe- 
riodic timer is used to kick off a fault monitor and the 
spin-up monitor. In this example, the periodic program 
timer interrupt is 100 ms as shown in bkx:k 60. If the 
spin-up monitor is enabled as determined in block 61, 
then the spin-up routine is called at block 62. The spin- 
up monitor was discussed relative to blocks 40 to 55. 
[0054] If the power supply fault monitor Is enabled as 
determined by block 63. then detection of power supply 
faults Is tested In block 64. If the power supply fault mon- 
itor is not enabled, or no power supply faults are detect- 
ed, then in block 65, the routine exits until the next timer 
interrupt. 

[0055] if a power supply fault is detected in block 64, 
then the "no redundant power" flag is tested in block 66. 
If the flag is set, then this is the second attempt and a 
power supply must be repaired. The detected power 
fault is displayed in block 67. 

[0056] If the flag is not, set then this is the first power 
up attempt. Flow goes to block 68 where the "no redun- 
dant power" flag is set so that the amount of power to 



start the DASD's will be adjusted and a fewer number 
of DASD's will be started at each cycle. The power sup- 
ply fault report is saved (saves rc). 
[0057] At block 69. the "critical power down ' flag is set 

s to force a power off cycle, i.e.. the power off sequence 
is started. Even though the power has failed, a power 
off sequence is necessary to properly power off all com- 
ponents before another power up cycle is attempted. 
The routine exits at block 70. 

10 [0058] Exemplary tabled parameters for DASD spin- 
up are listed in Fig. 2b. Using the exemplary numbers 
on the flowcharts. 42 DASD*s can be started essentially 
simultaneously on the first attempt. Nine seconds later, 
the remaining 6 (of 48) can be started. If these are start- 
ed 10 seconds before the controller reset is removed, 
then the effective time to start all the drives beyond the 
controller reset is 8 seconds (9 + 9-10). This is com- 
pared with the 144 seconds (plus controller reset time 
of about 10 seconds) in the prior process. Therefore, 

20 over two minutes of start up time will have been saved 
in this example. 

[0059] Using the system power control network 
(SPCN), the ability to start to spin-up the DASD's essen- 
tially as soon as power is turned on to the system, and 
25 before all the power up sequencing (Fig. 2a) is complet- 
ed for the rest of the computer system components, is 
also achieved. The DASD's essentially come on-line in 
parallel with the controllers. 

[0060] Using SPCN with its information about the 

30 state of the power supplies in the system, permits using 
both the primary and redundant/backup power supplies 
for the power required for spin-up. Before, in the prior 
process using the DASD ICX)*s. this was not possible, 
since the IOC's had no knowledge about the state of the 

35 system power supplies. 

[0061] In a system with a 650 watt redundant/backup 
power supply, for example, an extra 650 watts are avail- 
able for DASD spin-up, assuming that the primary and 
redundant/backup power supplies are operational. In 

40 the prior solution where enough power was provided to 
spin-up all DASD's at once, using the example above 
with 48 DASD's and 42 watts to spin-up a DASD. prima- 
ry power supplies having in excess of 2,016 watts would 
have been required since the redundant/backup power 

45 supply was not utilized for DASD spin-up. Using the re- 
dundant/backup power supply for DASD spin-up can. 
therefore, significantly reduce the costs associated with 
power supplies for the system. 

[0062] Returning briefly to Fig. 2b. block 22. where the 
so retry indicator (nrp) is subtracted from the number of 
bulk power supplies (nbp), some further explanation is 
now provided. The retry indicator is set when the system 
failed to power up because it tried to start too many 
DASD's at once. That happens, for exannple, when one 
55 of the power supplies was defective and this was not 
known when power on was attempted. The resulting 
over-current could not be handled by the other working 
power supplies, arKi therefore, the power up attempt 
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failed. However, the power controller is smart enough to 
realize this, and thus will attempt a retry of the power on 
cycle. But this time, the retry indicator is set so that all 
the present power supplies are not counted, i.e., one is 
subtracted from nbp. This will result in less power being 
determined to be available to start devices, and as a re- 
sult, a smaller number will be started at once, therefore 
this attempt might be successful. This is an advanta- 
geous feature because one benefit of a redundant pow- 
er supply is to be able to use the system in spite of a 
power supply failure. However, starting the DASD's ac- 
cording to the description above has made use of the 
now failing redundant power supply and has caused the 
system to fail to power on. Therefore, the aggressive 
spin-up must be backed away from, and a sbwer start 
up, with only the functioning power supplies attempted. 
[0063] Earlier, reference was made to an essentially 
non-sequential method of starting the DASD's. and to 
starting the maximum number of DASD's at once. By 
this it is meant that a maximal group of DASD's are start- 
ed essentially at the same time. The number of DASD's 
in this maximal group is determined by the amount of 
power available, as described above. While the exem- 
plary embodiment described an iterative loop where one 
DASD is turned-on each pass through the loop until in- 
sufficient power remains for another DASD. because 
there are only microseconds involved fri each pass 
through the loop, the DASD's started are started essen- 
tially at the same time, relative to the about 9 seconds 
it takes to spin-up a DASD. The loop is being executed 
by the SPCN processor at high speed. However, other 
implementations of the invention could be envisioned by 
one skilled in the art that do not use an iterative bop as 
described above in which one DASD is started each 
pass of the loop, but where all the DASD's in the maxi- 
mal group are actually signalled to turn on in parallel. 
[0064] Earlier, it was noted that the spin -up program 
100 may be embodied as a computer program product. 
The computer program product includes a recording 
medium, such as a floppy disk, a high-capacity read only 
memory in the form of an optically read compact disc or 
CD-ROM, a tape, a transmission type media, such as a 
digital or analog communications link, or a similar com- 
puter program product. 

[0065] For example, while the invention has de- 
scribed with respect to an embodiment where the power 
related to starting DASD's in a computer system is the 
concern, it will be appreciated that the invention is ap- 
plicable to maximizing power supply design and efficien- 
cy for any device whbh requires power at system star- 
tup. 
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determining system device power require- 
ments and system power supply capabilities; 

based on the determining, calculating a maxi- 
mal number of devices which can be started at 
one time; and 

starting the maximal number of devices calcu- 
lated. 

2. The method according to claim 1 . wherein the elec- 
trical system comprises a computer system and 
wherein: 

the determining includes determining power re- 
quirements of direct access storage devices; 

the calculating includes calculating a maximal 
number of direct access storage devices which 
can be started at one time; and 

the starting includes starting the maximal 
number of direct access storage devices calcu- 
lated. 

3. The method according to claim 1 . wherein: 

the determining includes determining primary 
and back-up system power supply capabilities. 

4. The method according to claim 3, wherein the de- 
termining further includes: 

determining how many power supplies are 
present, turned on, and operating without fault. 

5. The method according to claim 1 , wherein, based 
on the determining, the calculating a maximal 
number of devices which can be started at one time 
and the starting the maximal number of devices cal- 
culated, includes executing the folbwing steps 
while devices remain to be started: 

calculating the power available to start devices; 

comparing the power available to start devices 
to the power required to start one device; 

if, based on the comparing, adequate power is 
available to start one device, then starting one 
device, otherwise waiting a period of time and 
then returning to the calculating step; 



Claims 



A computer-based method of automatically control- 
ling an electrical system start-up. comprising: 



recalculating the power available to start devic- 
ss es by subtracting the power used in the starting 

of the one device; 

if devices remain to be started, then returning 
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to the comparing step, otherwise extt. 

6. The method according to claim 5, wherein the elec- 
trical system comprises a computer system and 
wherein the determining system device power re- 
quirements and system power supply capabilities 
includes determining primary and back-up system 
power supply capabilities, determining how many 
power supplies are present, turned on, and operat- 
ing without fault, and determining power require- 
ments of direct access storage devices. 

7. The method according to claim 6. wherein the sys- 
tem devices comprise direct access storage devic- 
es and wherein determining system device power 
requirements includes determining direct access 
storage device spin -up power as approximated by 
a square pulse of power for a spin-up time. 

8. The method according to claim 7, wherein the cal- 
culating the power available to start devices in- 
cludes, for each direct access storage device start- 
ed, subtracting a steady-state operating power from 
the system power supply capabilities. 

9. The method according to claim 8, wherein the wait- 
ing a period of time comprises waiting a nominal di- 
rect access storage device spin-up time. 

10. The method according to claim 9, wherein a direct 
access storage device idle power is included in the 
calculations. 

11. The method according to claim 10, wherein the di- 
rect access storage device idle power is approxi- 
mately 1 watt, wherein the nominal spin-up time is 
approximately 9 seconds, wherein the steady-state 
operating power is approximately 1 9 watts, wherein 
the device spin-up power is approximately 42 watts, 
wherein the primary power supply capability is ap- 
proximately 650 watts, and wherein the back-up 
system power supply capability is approximately 
650 watts. 

12. A computer program having a plurality of program 
steps to be executed on a computer to implement 
and control computer system start-up according to 
the method of claim 1 or 11 . 

13. An apparatus for automatically controlling an elec- 
trical system start-up. comprising: 

first means for determining system device pow- 
er requirements and system power supply ca- 
pabilities; 

second means for calculating, based on the re- 
sults produced by the first means for determin- 



ing, a maximal number of devbes which can be 
started at one time; and 

third means for starting the nr^imal number of 
s devices calculated. 

14. The apparatus according to claim 13, wherein the 
electrical system is a computer system, and where- 
in the first, second and third means corriprise a sys- 

10 tem power control microprocessor coupled to sys- 
tem devices and system power supplies. 

15. The apparatus according to claim 14, wherein the 
system power control microprocessor is coupled to 

IS the system using a serial communications path. 

16. In a computer system having a plurality of direct ac- 
cess storage devices and at least one power supply, 
a smart direct access storage device spin-up sys- 

20 lem comprising: 

a processor coupled to control and monitor the 
computer system direct access storage devic- 
es and the at least one power supply, and hav- 
ing and executing a program and being opera- 
tional to: 

determine system device power requirements 
and system power supply capabilities; 

based on the determining, calculate a maximal 
number of devices which can be started at one 
time: and 

start the maximal number of devices calculat- 
ed. 

17. An artble of manufacture comprising a computer 
program product, the computer program product 
comprising means for causing a computer to pro- 
vide a method of controlling computer start-up ac- 
cording to claim 1 . 
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FIG. 2A 



POWER UP ROUTINE 



POWER DOWN ROUTINE 



TURN POWER SUPPLIES ON 
(THESE PROVIDE POWER 
FOR DASD AND OTHER 
SYSTEM REGULATORS) 



12^ 



DISABLE POWER SUPPLY 
FAULT MONITORING 



^ y TURN ON 
3^ COOLING 



4^ 



13 



POWER 

SEQUENCE 

DELAY 



CLEAR OLD FAULTS 
ENABLE FAULT MONITORING 
OF POWER SUPPLY 



6- 



SSAINIT 



CALL ROUTINE TO INITIALIZE 
DASD SPIN UP CALCULATIONS 



TURN SYSTEM 
REGULATORS ON 



3 



9- 



POWER 

SEQUENCE 

DELAY 










' RELEASE RESET TO 
SYSTEM ELECTRONICS 



POWER UP COMPLETE 



-10 



TURN OFF 
POWER SUPPLIES 
AND REGULATORS 

TURN OFF COOLING 



14 



"NO REDUNDANT POWER" 
FLAG ACTIVE 



YES 



15^ 



> 



NO 



POWER OFF 
COMPLETE 



T 

17 



CLEAR "CRITICAL 
FAULT DOWN" FLAG 



RETURN TO EXECUTE 
POWER UP ROUTINE 

— ^; 

16 



10 



_09SSS7aA1J_> 



EP 0 955 573 A1 



FIG. 2B 
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FIG. 2C 
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FIG. 2D 



61 



100 MS PERIODIC PROGRAM 
TIMER INTERRUPT 



60 



DASD SPIN UP MONITOR 
ENABLED 



> 



NO 




YES 






dasdsu. flo 






CALL ROUTINE TO START SET 
OF DASD 


1 







POWER SUPPLY FAULT 
MONITOR ENABLED 



YES 



64 



NO 



POWER SUPPLY 
FAULT DETECTED 



68 



YES 



NO 



66 



X 



63 



65 



z 



RETURN TO WAIT FOR 
NEXT INTERVAL 



NO REDUNDANT POWER" ACTIVE 



NO 



SET 'NO REDUNDANT POWER- 
SAVE POWER SUPPLY FAULT 
(savesrc) 



YES 



67 



z 



DISPLAY POWER SUPPLY FAULT 



SET "CRITICAL POWER DOWN" FLAG 

(THIS FLAG CAUSES POWER OFF 
SEQUENCE TO BE INVOKED) 



.69 



RETURN TO EXECUTE 
POWER OFF SEQUENCE 



13 



EP 0 955 573 A1 



FIG. 2E 
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